Thirty-seven carbofuran-degrading bacteria were isolated from agricultural soils, and their genetic and phenotypic characteristics were investigated. The isolates were able to utilize carbofuran as a sole source of carbon and energy. Analysis of the 16S rRNA gene sequence indicated that the isolates were related to members of the genera Rhodococcus, Sphingomonas, and Sphingobium, including new types of carbofuran-degrading bacteria, Bosea and Microbacterium. Among the 37 isolates, 15 different chromosomal DNA patterns were obtained by polymerase chain reaction (PCR) amplification of repetitive extragenic palindromic (REP) sequences. Five of the 15 representative isolates were able to degrade carbofuran phenol, fenoxycarb, and carbaryl, in addition to carbofuran. Ten of the 15 representative isolates had 1 to 8 plasmids. Among the 10 plasmid-containing isolates, plasmid-cured strains were obtained from 5 strains. The cured strains could not degrade carbofuran and other pesticides anymore, suggesting that the carbofuran degradative genes were on the plasmid DNAs in these strains. When analyzed with PCR amplification and dot-blot hybridization using the primers targeting for the previously reported carbofuran hydrolase gene (mcd), all of the isolates did not show any positive signals, suggesting that their carbofuran hydrolase genes had no significant sequence homology with the mcd gene.
Carbamate insecticides have received widespread use to control a variety of pests throughout the world [2, 31] .
These pesticides, such as carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate), aldicarb (2-methyl-2-(methylthio)propanal O-(N-methylcarbamoyl)oxime), fenoxycarb (ethyl N-[2-(4-phenoxyphenoxy)ethyl]carbamate), carbaryl (1-naphthyl methylcarbamate), and fenobucarb ((2-Butan-2-ylphenyl) N-methylcarbamate), inhibit the common activity of the acetylcholine esterase, resulting in accumulation of acetylcholine at the synapses [7] . This inhibition causes spasm and paralysis for insects and mammals. Among carbamate compounds, carbofuran is one of the most toxic insecticides and nematicides registered in the US Environmental Protection Agency [6] . Because carbofuran is known to show high mammalian toxicity (LD 50 = 2 mg/kg in mice) [7] and high mobility in soil [28] , excessive use of carbofuran might result in dangerous effects on nonspecific organisms and impact human health. Therefore, many studies focused on its persistence and fate in the natural environment.
Some microorganisms such as Pseudomonas, Flavobacterium, Achromobacterium, and Burkholderia are known to rapidly degrade carbofuran in the environment [2, 3, 5, 10, 14, 24, 26] . The growth of the degrading microbial populations was roughly stimulated in proportion to increasing concentrations of the pesticide in soils. The biodegradation of carbofuran has been commonly represented to occur through hydrolysis of methylcarbamate linkage. As a result of breaking the linkage, the carbofuran generally is divided into carbofuran-7-phenol (2,3-dihydro-2,2-dimethyl-7-benzofuranol) and methylamine, which are subsequently utilized by microorganisms as sole sources of carbon and nitrogen [8, 12, 15, 27, 30, 32] .
In Korea, 103 ton of carbofuran was produced for rice and dry-field farming in 2009 [18] , and thus it can be hazardous to wild animals in the area of application. Therefore, the detoxification of carbofuran is needed for a better agricultural environment and very important for nontarget organisms in terrestrial and aquatic environments exposed to the pesticide. Bacterial populations are reported to perform a decisive role in the detoxification of carbofuran in soil [3, 8, 10, 12, 13, 25, 30] and a carbofuran hydrolase gene (mcd) was cloned from plasmid DNA of Achromobacter sp. WM111 [29] . However, microorganisms able to degrade carbofuran have not been extensively studied, and thus relatively little information is available on their metabolic, genetic, and physiological diversities.
In this study, 37 carbofuran-degrading bacteria were isolated from rice paddy soils, which had been ordinarily treated with the pesticide for several years. We investigated the species diversity by analysis of the 16S rDNA sequence and REP-PCR patterns of chromosomes, and described their physiological and genetic diversities on carbofuran biodegradation.
MATERIALS AND METHODS

Media and Culture Condition
All isolated bacteria were cultivated on the mineral medium [22, 23] containing carbofuran at a concentration of 100 µg/ml. Peptonetryptone-yeast extract-glucose (PTYG) medium containing (per liter) 0.25 g of peptone (Difco Laboratories, Detroit, USA), 0.25 g of tryptone (Difco), 0.5 g of yeast extract (Difco), 0.5 g of glucose, 0.03 g of magnesium sulfate, and 0.003 g of calcium chloride was used to isolate strains and cultivate colonies for the repetitive extragenic palindromic PCR (REP-PCR). All cultures were incubated at 28 o C and liquid cultures were aerated by shaking at 150 rpm on a rotary shaker (Vision Co., Bucheon, Korea).
and propoxur (2-isopropoxyphenyl N-methylcarbamate) were obtained from Sigma Chemical Co., St. Louis, MO, USA.
Isolation of Bacterial Strains
Rice field soil samples were taken at various locations in Korea. The rice fields have been routinely treated with carbofuran for several years. Samples from the top 15 cm of soil were taken, screened through a 2-mm-pore-size sieve, and kept at 4 o C prior to use. A 20 g amount of each soil sample was transferred to each 50 ml sterile beaker, treated with carbofuran dissolved in distilled water to a final concentration of 100 µg/g-soil, and completely mixed. The treated soil was incubated with periodic mixing at room temperature. Five weeks after the carbofuran application, a 1 g soil sample from each beaker was homogenized with 9.5 ml of a sterilized 0.85% saline solution by shaking the preparation at 150 rpm on a rotary shaker. Samples (0.1 ml) of appropriate 10-fold dilutions were inoculated into test tubes containing 3 ml of carbofuran medium (100 µg/ml). The tubes were incubated at 28 o C for 4 weeks and degradation of carbofuran was analyzed by spectrophotometry and reverse-phase HPLC on a µBondapack C18 column (3.9 by 300 nm; Waters, Milford, MA, USA) and a UV detector set at 276 nm; methanol:0.1% phosphoric acid (60:40) was used as the eluant. The culture of the terminal positive tube showing substantial cell growth and less than 20% of the carbofuran remaining was enriched by two additional transfers into fresh medium. Each enriched culture was streaked onto PTYG agar medium and single colonies were then tested for carbofuran degradation in fresh carbofuran medium before strain purification.
Identification by 16S rRNA Gene Sequence Analysis Total genomic DNA was extracted from the isolates and PCR amplification of 16S rDNA genes was performed with 27mf and 1492r as previously described [16, 17, 19] . The amplified 16S rRNA genes were sequenced using an ABI Prism BigDye Terminator Cycle Sequencing Ready Kit according to the manufacturer's instruction (Perkin-Elmer) with the sequencing primers 519r, 926f, and 1055r [2, 19] . Approximately 1400 obvious nucleotide positions were used for comparison with the data in GenBank using the Basic Local Alignment Search Tool (BLAST) [1] . Sequences from nearest relatives were identified from the Ribosome Database Project (RDP) using the SIMILARITY-RANK program of the RDP [20] .
Colony REP-PCR
To analyze genomic fingerprints of the isolates, colony REP-PCR was performed using the BOXA1R primer (5'-CTACGGCAAGGC GACGCTGACG-3'), as described previously [4] . Each isolate was grown on the PTYG agar medium for 24 to 48 h, and a small amount 
Degradation Phenotype Analysis
Each strain was grown in PTYG medium. Cells were then harvested by centrifugation at 10,000 ×g for 10 min at 4 o C, washed, and resuspended in 0.85% NaCl solution. Aliquots of suspended cells were inoculated into 15 ml culture tubes, each of which contained 3 ml of mineral medium supplemented with one of the structural analogs at a concentration of 100 µg/ml. The tubes were cultured by reciprocal shaking at 150 rpm at 28 o C for 4 weeks, after which the optical density at 600 nm was determined. To determine the degradation of insecticides, the cultures were centrifuged to remove the cellular material, and the UV absorption was measured.
Axenic Culture Experiment
After growth in PTYG medium, cells were harvested, washed, and resuspended in mineral medium. Aliquots of resuspended cells were inoculated into flasks containing 200 ml of mineral medium supplemented with carbofuran (100 µg/ml) as the sole carbon source at a final density of OD 600 = 0.004. All cultures were incubated at o C in the dark on a rotary shaker (150 rpm) for 4 weeks. At specific intervals, aliquots of the cultures were taken out and used to determine cell growth and the concentrations of carbofuran. Cell growth was determined at optical density of 600 nm. For the quantification of carbofuran, a 2 ml culture of the flasks was filtered by using a Minisart 0.2 µm Syringe Filter. After filtering, the culture (pH 6.7) was used for the measurement of optical densities at 276 nm (for carbofuran) using spectrophotometry and reverse-phase HPLC. The detection limit for carbofuran with HPLC was 0.01 µg/ml. The accuracy of the method was also ensured by running blank solvents and standards between the sample injections. The concentration of carbofuran was calculated using standard curves prepared from the known concentrations of carbofuran in the same medium.
Plasmid Detection and Curing Experiments
For detection of plasmid DNA, cells were lysed using the procedure described by Kado and Liu [11] . Curing of plasmid of the isolates was carried out using a modified form of the sodium dodecyl sulfate (SDS) plate and elevated incubation temperature method [9] . A portion of overnight carbofuran-degrading bacterial culture in PTYG was subcultured twice into PTYG medium supplemented with SDS from 1% to 0.001% and grown at 28 o C for 3 days. The culture was properly diluted and spread onto PTYG plates. Single colonies were checked for carbofuran degradation ability.
PCR Amplification of the N-Methylcarbamate Hydrolase Gene
Carbofuran degradative genes have not been identified in the past works, except for the mcd (N-methylcarbamate hydrolase) gene cloned from Achromobacter sp. WM111 [21] . To study whether our carbofuran-degrading isolates had any sequence homology with the mcd gene, the isolates were subjected to PCR analysis with specific primers targeting for the mcd gene [21, 29] . The primers for the mcd gene were designed based on the mcd gene sequence: mcdL1-f primer 5'-CAAGAACTCAAATCCATCTACCTTGCCC-3', and mcdR1-r primer 5'-ATCCTTCCCTCGGAATGAATCGTCTCG-3'. The amplification of the mcd gene with the corresponding primers was expected to produce a 590 bp DNA fragment [21] .
DNA Labeling and Dot-Blot Hybridization
To study with dot-blot hybridization whether our carbofuran-degrading isolates had any gene sequence homology with the previously reported mcd gene, a carbofuran hydrolase gene probe was produced by PCR amplification for the mcd gene of pJK340 using the above specific primers [29] . The gene probe was labeled with DIG using DIG-High Prime (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's instructions. For making of denatured DNA, 1 µg of genomic DNA of each isolate was denatured in 0.4 M NaOH and 10 mM EDTA for 10 min at 100 o C and promptly cooled on ice for 5 min, and then neutralized by addition of an equal volume of cold 2 M ammonium acetate. The denatured DNA fragments were spotted onto a positively charged nylon membrane (BIO-RAD, Hercules, USA). The DNA on the membrane was blotted by Bio-DOT Microfiltration Apparatus (BIO-RAD) according to the supplier's instructions. Prehybridization, hybridization, and posthybridization washes were carried out as described in the supplier's manual (DIG High Prime DNA Labeling and Detection Starter Kit 1). The dot blot hybridization signals were visualized using the DIG hybridization system (Roche Diagnostics, Mannheim, Germany).
RESULTS
Isolation of Carbofuran-Degrading Bacteria
Thirty-seven carbofuran-degrading bacteria were isolated through enrichment processes from a variety of rice paddy soils ( Table 1 ). The isolates were capable of utilizing carbofuran as a sole source of carbon and energy. Among 173 rice paddy soil samples tested, 136 samples did not show any obviously detectable degradation of carbofuran during 5 weeks of the enrichment incubation. After further enrichment and purification steps on the other 37 soils that showed positive degradation of the pesticide, 37 pure strains independently degrading carbofuran were isolated from these 37 different rice paddy soils.
16S rDNA Sequence and REP-PCR Analyses
When analyzed by 16S rDNA sequences, the isolates were found to be related to the genera Rhodococcus, Sphingomonas, Sphingobium, Microbacterium, and Bosea (Table 1 , Fig. 1 ). Among these genera, the two genera Microbacterium and Bosea have not been reported as carbofuran-degrading bacteria in previous studies. Many of the isolates were Gram-negative and belonged to the alpha subgroups of the Proteobacteria. Four strains (HC1, IJ2, MW3, and TA2) were identified as Rhodococcus and Microbacterium species, which were Gram-positive and belonged to the Actinobacteria. Although these carbofuran-degrading bacteria were isolated from different rice paddy soils, many isolates were closely related to the same dominant species, such as Sphingomonas sp. and Sphingobium sp. To investigate the genomic relatedness among the closely related isolates by 16S rDNA sequence analysis, REP-PCR experiment was performed by PCR amplification with the BOXA1R primer [4] . It was revealed that the 37 isolates were grouped into 15 different DNA fingerprint patterns (Fig. 2) . Identical REP-PCR patterns were observed for strains CN7, NS3, NS7, and YJ1; for strains ES1, ES2, ES4, IC6, and SK2; for strains IC2, NS1, and YJ2; for strains CN1, IJ1, and NS9; for strains JS6, SS3, and YC1; for strains DJ1, IS1, JE1, SK1 and TA1; for strains MW1 and NS2; for strains SS1, SS2, and YP6; and for strains JS1, SK3, and TA5. Identical patterns indicate that the strains are very closely related or siblings. Since all of the strains were isolated from different soil samples, their detection frequencies reflect their ubiquity in the soils examined.
Growth Pattern and Degradation Phenotype of the Isolates on Carbofuran
To analyze the growth and degradation patterns of the carbofuran-degrading isolates, the typical isolate of each REP-PCR group was grown on PTYG and inoculated into mineral medium containing carbofuran. The growth and carbofuran degradation curves of the representative strains are shown in Fig. 3 . The isolates were classified into four groups according to their growth and degradation properties on carbofuran. Group A contained strains ES2, IJ1, NS2, SS1, TA5, and YJ1, which degraded and grew quickly after an initial lag period of about several hours (Fig. 3A) . During the initial growth phase, carbofuran was hydrolyzed to carbofuran phenol, a red hydrolysis product of carbofuran. When many of the carbofuran residues were hydrolyzed, the group A isolates began to utilize the carbofuran-phenol as a carbon source, resulting in rapid cell growth. A second lag phase, followed by cell growth, was observed in the middle of growth and carbofuran was thoroughly utilized in about 70 h. Group B contained JE1, SS3, and YJ2, which also could degrade and grow on carbofuran quickly, mineralizing most of the carbofuran residues within about 30 h (Fig. 3B) . The group B strains were also observed to produce the red metabolite, carbofuran phenol, but they did not show any lag phase during degradation of carbofuran. Group C contained strains HC1, IJ2, and TA2, which were identified as Rhodococcus species. The group C strains showed a long lag phase of about 60 h, but after that the isolates grew quickly on the accumulated intermediate. It took about 100 h to degrade 100 µg/ml of carbofuran residues completely (Fig. 3C) . The other two Bosea species (strains HC6 and SS7) and one Microbacterium species (MW3) degraded carbofuran very slowly, taking more than three months to degrade the pesticide completely (data not shown).
Degradative Diversity Analysis
The isolates were cultured on PTYG medium, and then tested for their ability to degrade other carbamate pesticides structurally related to carbofuran. The substrate degradation abilities of the typical isolates of each REP-PCR group are shown in Table 2 . All isolates could utilize carbofuran and carbaryl as the sole sources of carbon and energy. Among the isolates, strain SS1 was the most versatile in pesticide degradation capability, degrading all of the pesticides tested, whereas strains MW3 and TA5 were the least versatile, degrading only carbofuran and carbaryl. Overall, the isolates exhibited diverse patterns in degradation properties of the carbamate pesticides.
Plasmid Detection and Its Relationship to Carbofuran Degradation Phenotype
When the carbofuran-degrading isolates were subjected to Kado's plasmid detection procedure [11] , 10 of the 15 representative isolates exhibited 1 to 8 plasmid DNA bands (Fig. 4) . Although the strains IJ1, NS2, SS1, and YJ1 were 
Fig. 2. REP-PCR band patterns of the isolates.
Lanes: 1, strain ES2; 2, strain HC1; 3, strain HC6; 4, strain IJ1; 5, strain IJ2; 6, strain JE1; 7, strain MW3; 8, strain NS2; 9, strain SS1; 10, strain SS3; 11, strain SS7; 12, strain TA2; 13, strain TA5; 14, strain YJ1; 15, strain YJ2. M, DNA size marker.
identified as the same species (Sphingobium chlorophenolicum) in the 16S rDNA sequence analysis, they showed distinct plasmid profiles. The distinctive plasmid profiles were also observed among the strains ES2, JE1, TA5, and YJ2, which were identified as Sphingobium chungbukense. These plasmids were stably maintained in cells cultivated for two months, with repeated transfers into PTYG medium. In order to investigate whether the carbofuran-degrading genes of the isolates are on their plasmid(s), the plasmidcontaining isolates were subjected to a plasmid curing procedure. Using the SDS and sublethal temperature methods, five cured strains were obtained from the strains IJ1, JE1, NS2, TA5, and YJ1 among the 15 representative isolates (Fig. 5) . Strain IJ1 has lost its plasmids by the curing process, and the cured strain (CIJ1) has lost all of its Disappearance of carbofuran and growth by the Group A, Group B, and Group C isolates. Each point is the mean for two replicate liquid cultures. OD, optical density. ES2  ++  ++  -+  -++  -HC1  ++  --+  -++  -HC6  +  -+  +  -++  +  IJ1  ++  ++  +  -+  ++  -IJ2  ++  --+  -++  +  JE1  ++  ++  +  -+  ++  +  MW3  +  ----++  -NS2  ++  ++  --+  ++  -SS1  ++  ++  +  +  +  ++  +  SS3  ++  ++  +  +  -++  +  SS7  +  --+  -+  +  TA2  ++  -+  +  -++  +  TA5  ++  ++  ---++  -YJ1  ++  +  +  +  -++  -YJ2  ++  ++  +  +  +  ++  - a The isolates were grown on PTYG before the test of substrate utilization.
b ++, Over 95% reduction in peak height as determined by UV scanning and substantial growth (OD 600 >0.05); +, over 80% reduction in peak height as determined by UV scanning and substantial growth (OD 600 >0.025); -, below 10% reduction in peak height and scant growth (OD 600 <0.007).
Fig. 4. Plasmid profiles of the isolates.
Lanes: 1, strain ES2; 2, strain HC1; 3, strain HC6; 4, strain IJ1; 5, strain IJ2; 6, strain JE1; 7, strain MW3; 8, strain NS2; 9, strain SS1; 10, strain SS3; 11, strain SS7; 12, strain TA2; 13, strain TA5; 14, strain YJ1; 15, strain YJ2. M, DNA size marker; chr, chromosomal DNA.
degradation capabilities for insecticides. The strain JE1, which had five plasmids, lost its plasmids by the curing procedures (CJE1). This CJE1 also showed a sudden loss of degradation capabilities for pesticides. The cured strain of NS2 (CNS2) appeared to have lost all of its eight plasmids and was not able to degrade any of the tested pesticides, including carbofuran. The cured strain of TA5 (CTA5) appeared to have lost all of its three plasmids and could not degrade carbofuran and other pesticides any more. In the case of strain YJ1, four plasmids were eliminated through the curing procedure, and the cured strain (CYJ1) could not degrade carbofuran. Basically, all of the cured strains could not degrade carbofuran and other pesticides, such as carbaryl, carbofuran phenol, aldicarb, and fenoxycarb. These results suggested that most of the pesticide degradative genes were contained on the plasmid DNAs in these isolates.
Genetic Diversity Analysis by PCR Amplification and Dot Blotting
Since most of the isolates could hydrolyze other carbamate pesticides structurally related with carbofuran, the isolates were tested for whether they had any sequence homology with the N-methyl carbamate hydrolase gene that was previously reported in other bacterial strains [29] . When PCR amplification was carried out with the primers targeting for the mcd gene [21, 29] , all of the representative isolates did not show any positive DNA bands (data not shown).
The absence of homology of the isolates with the previously reported carbofuran hydrolase gene was confirmed by dotblotting experiments. When dot blotting was performed for each isolate using the specific hydrolase gene probe obtained from the internal sequence of the mcd gene originated from Achromobacter sp. WM111 [29] , none of the isolates showed any signals except for the positive control (Fig. 6) . The results suggested that the hydrolase gene sequences in all of the isolates were different from that of the previously reported bacterial strain able to degrade the carbamate pesticides.
DISCUSSION
In this study, 37 dominant carbofuran-degrading bacteria were isolated from various agricultural soils, and their diversity and properties on carbofuran degradation were analyzed using phylogenic, phenotypic, and genotypic methods. Analysis of 16S rDNA sequences showed that our isolates were related to members of the genera Sphingomonas, Sphingobium, Rhodococcus, Bosea, and Microbacterium (Table 1) . Among the isolates, Bosea and Microbacterium species are new types of carbofurandegrading bacteria that have not been reported in previous studies. The isolates belonging to genera Sphingomonas and Sphingobium accounted for 83.8% of the isolates ( Fig. 1 ) and were the most ubiquitous strains, being isolated from various rice paddy soils tested. Analysis of their chromosomal DNA patterns revealed 15 REP-PCR groups among the 37 isolates. The carbofuran-degrading isolates of this study were classified into four groups based on their degradation and growth characteristics (Fig. 3) . The strains ES2, IJ1, NS2, SS1, TA5, and YJ1 of Group A, which belonged to the genera Sphingomonas and Sphingobium, degraded carbofuran quickly after an initial lag period of several hours during their growth on the pesticide. The strains JE1, SS3, and YJ2 of Group B, which belonged to the genus Sphingobium, rapidly degraded carbofuran without a lag phase during their growth on the pesticide. The Groups A and B strains contained several plasmid DNAs that appeared to have most of the degradative genes for the carbamate pesticides. The Group C strains, which belonged to the genus Rhodococcus, degraded and grew on carbofuran at a moderate rate, but none of the Group C strains had any plasmid DNA. The other strains, which belonged to the genera Microbacterium and Bosea, grew on carbofuran much more slowly than the Groups A, B, and C strains.
Carbofuran can be degraded by hydrolysis of the ether bond or ester bond, producing 2-hydroxy-3-(methylpropan-2-ol) Lanes: 1, pJK340; 2, pJK340; 3, strain ES2; 4, strain HC1; 5, strain HC6; 6, strain IJ1; 7, strain IJ2; 8, strain JE1; 9, strain MW3; 10, strain NS2; 11, strain SS1; 12, strain SS3; 13, strain SS7; 14, strain TA2; 15, strain TA5; 16, strain YJ1; 17, strain YJ2.
benzene-N-methylcarbamate or carbofuran phenol, respectively [32] . These products are further converted to 2-hydoxy-3-(3-methypropan-2-ol) phenol, which is then converted to 5-(2-hydroxy-2-methyl-propyl)-2,2-dimethyl-2,3-dihydronaphtho [2, [3] [4] [5] [6] furan-4,6,7,9-tetrone with a red color [3] . In this study, all of the isolates belonging to genera Sphingomonas and Sphingobium produced the metabolite carbofuran-phenol during degradation of carbofuran and were able to utilize carbofuran-phenol as the sole source of carbon and energy, thus indicating that these isolates degrade carbofuran through the intermediate carbofuranphenol. The strains HC1, IJ2, and TA2, which were identified as Rhodococcus species, also produced red metabolite, but these strains could not degrade carbofuran-phenol, suggesting that the carbofuran degradation pathway of these Grampositive strains was different from that of the Gramnegative Sphingomonas and Sphingobium species.
The carbamate insecticides are known to be highly toxic to mammals [7] . Therefore, degradation and detoxification of carbamates broadly used in agriculture are very important to protect non-target organisms in the environments. The rapid degradation property of the Groups A and B strains would be useful for fast breakdown of carbofuran residues contaminated in agricultural soils. In the pesticide degradation capability test, all of the isolates were observed to degrade carbofuran and carbaryl, and some strains also degraded and utilized carbofuran-phenol, aldicarb, fenoxycarb, propoxur, or 4-nitrophenyl acetate as a sole source of carbon.
It is of note that the elimination of plasmid DNAs resulted in the complete loss of the degradation capabilities of the carbamate pesticides in the cured isolates. This suggests that the plasmids contain the essential genes involved in degradation of the carbamates, and the same or similar degradative genes are commonly engaged in the catabolic reactions of the closely related carbamate pesticides. Since hydrolysis of the ester or ether bond of the carbamate pesticides is crucial for detoxification of the carbamates, the carbamate hydrolase gene received attention for potential use in biodegradation [29] . In previous works, a gene (mcd) encoding for N-methylcarbamate hydrolase was cloned from Achromobacter sp. WM111 and some carbofuran-degrading bacteria were observed to have sequence homology with the mcd gene [21, 29] . When PCR amplification and dot blot hybridization were performed for our isolates using specific primers and probe selected from the internal sequences of mcd genes, none of the isolates exhibited any positive signals. The result indicated that all of the isolates had no significant sequence homology with the carbofuran hydrolase gene of the previously reported isolates. Thus, the isolates of this study possibly have new types of carbofuran hydrolase genes. Further investigation on the new hydrolase genes would ascertain the divergence of sequences of carbofuran hydrolase genes among the carbofuran-degrading bacteria.
